Supplementary Figure S8 / DSC charts of polystyrene (PS) solutions in dimethylformamide (DMF)
. a, DSC thermograms of pure DMF and 5-30 wt% PS solutions during rapid cooling; b, DSC thermograms of pure DMF and 30 wt% PS solution at elevated temperatures (heating rate: 10 K/min). During the rapid cooling process, 5-15 wt% PS solutions exhibited exothermic peaks due to the crystallization of the solvent. The peak intensity gradually decreased with increasing concentration of PS and the peak apex shifted to lower temperatures. The exothermic peak disappeared when the PS concentrations were approximately 20 wt% (see Supplementary Figure S1a ) and a baseline shift due to glassification of polystyrene was observed near −135 °C. During the heating of a rapidly cooled 30 wt% PS solution, cold crystallization of DMF was observed within the range of −85 to −65 °C. This range was about 30 °C higher than the exothermic peak seen for the 20 wt% PS solution at −105 °C (see Figure 1c of our paper). These results indicate that cold crystallization of DMF is inhibited when the PS concentration is high.
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Supplementary Figure S9 / Pore size distributions of polyetherimide (PEI) nanofiber network. Red and blue plots were obtained from N2 adsorption and desorption isotherms, respectively. PEI nanofiber network was prepared from the 1:1 (w/w) mixture of dimethylsulfoxide (DMSO) and dimethylacetamide (DMAc). PEI was obtained from PolyScience (Tg: 217 °C, Mw: 30,000). A 20 wt% PEI solution was spun into cold methanol at −100 °C and solvent extraction was followed in a manner described in Supplementary Methods. The resultant nanofiber network had extremely small mesopores of 1.5−4 nm and macropores of about 30 nm in radius.
Supplementary Figure S10 / Correction effects in high-pressure CO2 sorption experiments. The amount of CO2 sorption was corrected by considering four factors associated with high pressure conditions. The raw data (P0) was obtained for a PSF nanofiber network at 318 K. Deviation from an ideal gas was significant at pressures above 10 atm. Since non-ideal behavior of CO2 gas was observed, particularly at high pressures, the following four correction factors were considered for the sorption experiments. The curve P0 is a plot of the raw sorption data without any corrections, in which the sorption amount appears to decrease with increasing gas pressures above 10 atm. Using the virial coefficient of CO2 at 297 K obtained from the NIST Chemistry Webbook 24 , the curve P0 was corrected to curve P1. However, in the present experiments, CO2 gas introduced to the sample cell was heated to the measurement temperature of 318 K and thus, when the virial coefficient at 318 K was separately used for the CO2 in the sample cell, the curve P1 was corrected to curve P2. Furthermore, curve P3 was obtained after subtracting the volume of the polymer nanofiber network from the volume of the empty cell. The nearly ideal curve P4 was finally obtained after baseline correction of the empty cell for CO2 sorption. These corrections significantly improved the accuracy of the CO2 sorption experiments, especially at high pressures above 10 atm. Table S2 ). Due to the large mesopore volumes and narrow pore-size distributions, the nanofiber networks can capture a large amount of organic solvents from the vapor phase. PSF nanofibers, however, have hydrophobic surfaces and therefore less than 1 mmol/g of water vapor was adsorbed, even at high partial pressures. In sharp contrast, the sorption of methanol and hexane increased rapidly at relative pressures (p/p0) above 0.6, indicating capillary condensation in the mesopores. In five sorption isotherms of methanol, large variations in the saturation vapor pressure (5.5-44 kPa) are observed over the temperature range 278-318 K. These data indicate that the nanofiber network can capture a large amount of methanol vapor at low temperatures and will subsequently release the captured methanol in response to mild heating. Ce: equilibrium concentration, qe: equilibrium adsorption capacity.
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Supplementary Note 1
Production costs of mesoporous polymer nanofiber networks
As of 2013, the market prices for polystyrene (PS) and polycarbonate (PC) are approximately 2.0 and 3.5 $US/kg, respectively, while those for polysulfone (PSF) and poly(p-phenylene ether sulfone) (PES) (engineering plastics with high T g ) are relatively high at about 20 and 25 $US/kg. The raw material cost of the polymer, however, will be very low as compared with that of the separation unit. In addition, the solvents used for the production of mesoporous polymer nanofiber networks can be repeatedly recycled. The major cost associated with the production of these materials will be the electricity required for cooling, although this will not be an obstacle in terms of the economics of mass-production.
Macroscopic fibers of mesoporous polymer nanofiber networks were prepared by directly injecting the polymer solution into excess methanol precooled to −100 °C, using a metal syringe with a needle with a 0.5 mm inner diameter. The resultant fibers had diameters in the range of 0.5-1.5 mm, depending on the viscosity of the polymer solution. A video of the continuous production of macroscopic fibers of mesoporous polymer nanofiber network is available in mpg format (Supplementary Movie 2). These fibers were cut into pellets 4 mm in length using a mechanical crusher.
Supplementary Methods
Material information and preparation procedures
Supplementary Table S1 provides basic information (supplier, molecular weight, density, glass transition temperature, melting point, etc.) for the polymers used in this study. Mesoporous polymer nanofiber networks were fabricated by the following four-step process. (I) A concentrated polymer solution (20 wt%) was prepared by dissolving polymer pellets (2.0 g) in a good solvent (8.0 g) via overnight magnetic stirring. In cases where incomplete dissolution was evident at room temperature, the solution was gradually heated to 120 °C. (II) The polymer solution was quickly frozen by immersing it in liquid nitrogen (or immersing in excess methanol precooled to −100 °C) and subsequently aged for one to several days at a temperature below the melting point of the solvent.
(III) Solvent extraction was performed by immersing the frozen polymer solution in excess methanol (more than 10 times the volume of the frozen solution) precooled to −80 °C. The extraction was allowed to proceed for one day (sheet and fiber forms) to over five days (disk-shaped sheet form) in a cryogenic freezer (−80 °C). (IV) Residual methanol in the solidified sample was exchanged with tert-butanol at room temperature and the sample was then freeze dried. Residual solvent was completely removed by subsequent vacuum drying at temperatures up to 50 °C for one to five days. We confirmed that the thermal and physicochemical properties of the resulting mesoporous polymer nanofiber networks were unchanged after one day of aging. The freeze drying in procedure IV was not essential for the formation of the mesoporous structure, but was performed so as to obtain a high level of reproducibility by minimizing undesirable shrinkage of small pores during drying. Suitable solvents and optimal polymer concentrations differed for different polymers. Supplementary Table S2 summarizes the typical fabrication conditions. The bulk density (or apparent density) of each specimen was determined from the weight and geometric volume of disk-shaped nanofiber sheet. A digital caliper was used to determine the thickness and diameter of the sheet.
Polymer solution freezing process
The freezing and melting behaviors of each polymer solution were characterized by DSC (TA Instruments, . Supplementary Figure   S1b shows changes in the temperature (blue line) and the cooling rate (red line) during rapid cooling. The cooling rate was initially greater than 70 K/min, but gradually reduced with decreasing temperature. The rate was higher than 10 K/min even at −150 °C.
SEM observations
Since polymer nanofiber networks are damaged by external mechanical stress, the samples should not be cut with a razor blade, torn at room temperature nor freeze fractured without first filling the mesopores with a poor solvent.
Cutting with a razor blade destroys the nanofiber morphology, while the other two procedures do not preserve the original (as-prepared) nanofiber structure. In fact, nanofibers were often elongated into fibril structures in the torn or fractured direction, similar to the well-known crazing phenomenon in polymers 35 . Supplementary Figure S2 shows SEM images of nanofiber networks prepared from various polymers. All the images were obtained at a magnification of 50,000× (the insets were obtained at a magnification of 300,000×). The same morphology was observed in all parts of the sample, as confirmed by low-magnification observations (1,000×). The uniform mesoporous structure with an absence of macrovoids is very different from the structure of porous polymer sheets prepared by conventional phase inversion 36, 37 .
Analysis of nanofiber diameters
The SEM images were analyzed to determine the nanofiber diameters. As shown in Supplementary Figure S3a, the middle points between the nodes of the nanofiber network were selected in an SEM image (obtained at a magnification of 300,000×) as a means of calculating the diameter. Over 1,000 data points were selected from more than 50 images. The diameter was determined using a scaling function of the instrument software. The resulting histograms and Gaussian fitting curves are also shown in Supplementary Figure S3 . The thickness of the platinum layer was not considered in these calculations, and the geometric specific surface area, S calc , was calculated from the actual polymer density (ρ), the nanofiber diameter (d) and the probability function of the diameter histogram, f (d), as S calc = ∑f×4/(ρ×d) 33, 38 .
Analysis of pore size distributions
The pore size distributions of polymer nanofiber networks were analyzed using a volumetric gas adsorption apparatus (BEL Japan, Belsorp-max). A glass sample tube was filled with small pieces of dried sample (40-70 mg for N 2 adsorption) and thoroughly dried overnight under vacuum at 70 °C (except for PVC, which was dried at 50 °C). All measurements were performed after conducting a 3 min leak check to ensure sufficient sealing and complete drying of the specimens. Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) analyses were systematically carried out using commercially available software (BEL Japan, BEL Master Under the present experimental conditions, N 2 cannot fill macropores that have radii larger than 100 nm 39 . Based on the IUPAC definition, the pore volumes of mesopores (1-25 nm in radius) and macropores (25-100 nm in radius) are listed separately in Table 1 of our paper.
The actual polymer density values in Table 1 of our paper were calculated from the weight and volume of samples after excluding the void volume, as determined using a helium pycnometer (BEL Japan, Belsorp-max). To ensure the accuracy of the volume estimation, the same experiment was repeated at least 10 times, and the averaged value was used to calculate the actual polymer density.
TEM tomography
A polymerizable resin containing 5 nm (in diameter) gold nanoparticles was embedded in the mesopores of a nanofiber network sample (NF1 in Supplementary Table S2 ). These nanoparticles functioned as markers for digital reconstruction of a tomographic image. The embedded resin was further stained with osmium and ultrathin slices of the resulting specimen were prepared by frozen sectioning using an ultramicrotome and subsequently used for transmission electron microscopy (TEM; JEOL, JEM2100F) observations 41 . The images were obtained at an acceleration voltage of 200 kV and a magnification of 400,000× and the tile angle was varied over the range of ±62°.
Images were recorded at every degree using commercial software (Gatan, DigitalMicrograph TM ) at a resolution of 0.268 nm/pixel and were then digitally compiled into a tomographic image. As shown in Supplementary Figure S5 , the negatively stained sample gave a clear tomographic image. The black region indicates the presence of interconnected pores of 10-20 nm in the nanofiber network. It is clear that the PSF nanofibers (white regions) have a three-dimensional network structure. The rotational movie is available in mpg format (Supplementary Movie 1) .
Analysis of glass transition temperatures
Supplementary Figure S6 presents temperature-modulated differential scanning calorimetry (MDSC) results for the polymer nanofiber networks made of polysulfone (PSF), polystyrene (PS), poly(bisphenol-A-carbonate) (PC), poly(p-phenylene ether-sulfone) (PES) and poly(vinyl chloride) (PVC). The measurements were performed using DSC (TA Instruments, Q2000) with a temperature amplitude of ±1 K and a 60 s cycle at a constant heating rate of 2 K/min. In the case of the PSF nanofiber network, the first heating scan showed a minor change in specific heat capacity at 161 °C (T g L ), followed by a major glass transition at 184 °C (T g H ). In contrast, the second heating scan exhibited a single glass transition temperature (T g ) at 187 °C. The values of T g H and T g obtained in this manner were almost the same as the glass transition temperature reported for bulk PSF 42 . All other polymers shown in
Supplementary Figure S6 had T g L and T g H in the first scan, and the latter values were almost consistent with the glass transition temperatures of bulk samples. The nanofiber networks made of polyacrylonitrile (PAN) were an exception, since they could not be characterized due to self-cross-linking during heating. These data are summarized in Supplementary Table S3 .
The weak thermal transition (T g L ) 20 to 30 °C lower than the major glass transition always disappeared when the nanofiber structure was destroyed by heating to 250 °C. Therefore, the thermal transition at the lower temperature might be related to the nanofiber structure. The mesopores were usually collapsed near bulk T g (or T g H ). Judging from these observations, T g L might be explained as a surface effect of polymer nanofibers. When the polymer contains 5 wt% of good solvent, the glass transition temperature, in general, decreases about 20 °C. The thermal stability of the mesopores of polymer nanofiber networks also decreases with increasing amount of adsorbed organic solvents. This should be considered when they are applied as oil adsorbents. In our MDSC measurements, all the specimens were dried for one to five days at 50 °C in vacuum in order to minimize the plasticization effect caused by the residual solvent.
Mechanical properties of a mesoporous PSF sheet
Supplementary Figure S7 shows the stress-strain curve of the mesoporous PSF sheet shown in Figure 3a of our paper. The measurements were conducted using a TA Instruments RSA-G2. The sheet was prepared according to the method described in this Supplementary Methods. The Young's modulus of the material, as averaged from four measurements, was 0.23±0.02 GPa and the average maximum stress at break and the elongation were 7.4±0.6 MPa and 26.5±9.0 %, respectively. It is known that bulk PSF typically has an elastic modulus of 2.5-2.6 GPa, a stress at break of about 70 MPa and an elongation at break of about 50-100 %. The elastic modulus of the mesoporous PSF sheet was therefore about 10 times smaller than the value of non-porous PSF.
Water permeance through a mesoporous PSF sheet Supplementary Table S4 summarizes 
CO 2 sorption experiments
CO 2 adsorption measurements were conducted up to 30 atm using a volumetric gas sorption system (BEL Japan, Belsorp-HP). A standard cell with a known dead volume (measured at ambient temperature) was maintained at a temperature of 24.00±0.01 °C. The ambient temperature was also maintained at 24 °C to prevent temperature variations during experiments. A vacuum-dried sample (0.4-0.7 g) was sealed in a 9.1 cm 3 stainless-steel sample tube. Prior to each measurement, gas leakage was confirmed to be less than 1 Pa/min, which ensured complete sealing and dryness of the sample. The CO 2 sorption temperature was carefully controlled in the range of 263-318 K with an accuracy of 0.1 °C using a circulating temperature bath (Taitec, Coolnit CL-80R) equipped with an external temperature sensor. The PID coefficients were optimized at each temperature. More than 25 data points were recorded over the pressure range of 1-30 atm and the amount of CO 2 sorption was determined as the equilibrium value after a pressure variation of less than 0.03 atm (0.1% of the full scale of the pressure gauge) was recorded over 600 s.
Supplementary Figure S11a shows CO 2 sorption isotherms of the PSF nanofiber network over the temperature range 263-318K. The amount of adsorbed CO 2 increased with increasing partial pressure and decreasing sorption temperature and CO 2 sorption at 263 K reached 89.3 cm 3 STP/cm 3 (14.0 wt%) at 10 atm. The sorption isotherms were analyzed using the DMS model 43 . This model describes gas sorption as the sum of Henry and Langmuir sorption terms:
where C is the amount adsorbed, k D is the Henry's law constant, C H is the Langmuir capacity and b is the Langmuir affinity constant. These parameters were derived by curve fitting the sorption isotherms. Supplementary Table S5 lists the values of each parameter as well as the total sorption amount of CO 2 at 10 atm (C) and the contribution of
Henry sorption (C D /C) at 10 and 30 atm. Supplementary Figure S11b shows CO 2 sorption/desorption kinetics of a PSF nanofiber network. These measurements were conducted using an in-house gravimetric gas sorption apparatus equipped with a pneumatic pressure controller (GE Sensing, Pace5000-7MPa module). CO 2 was introduced at a pressure of 10 atm for 5 min with a high-pressure controller (GE Sensing, The PACE5000) and then evacuated using a rotary-vacuum pump (Ulvac Kiko, GLD-051). The sorption and desorption behaviors are shown with red and blue curves. Within 1 min, the nanofibers adsorbed up to 90 % of the saturation level of CO 2 and the adsorbed gas was rapidly and completely desorbed by vacuum evacuation. The amount adsorbed at 10 atm was 9.6 wt% at 298 K, which is six times higher than the N 2 adsorption.
Vapor sorption experiments
Vapor sorption experiments were performed using a volumetric gas adsorption apparatus (BEL Japan, Belsorp-max). A glass sample tube was filled with small pieces of dried sample (50-100 mg) and thoroughly dried under vacuum at 70 °C overnight. All measurements were performed after conducting a 3 min leak check to ensure sufficient sealing and complete drying of the specimens. Vapor sources (such as methanol, hexane and water) were completely degassed by at least three cycles of freezing and evacuating. All the transfer tubes of the gas adsorption apparatus were heated to at least 15 K above the sorption temperature. The sorption temperature was carefully controlled in the range of 278-318 K with an accuracy of 0.1 °C using a circulating temperature bath (Taitec, Coolnit CL-80R) equipped with an external temperature sensor. The PID coefficients were also optimized at each temperature. The saturation vapor pressures at each sorption temperature were calculated from the Antoine equation using the coefficients compiled in the NIST Chemistry Webbook
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Removal of organic solvents in water
The polymer nanofiber networks can effectively and rapidly adsorb organic solvents in water, due to their continuous mesoporous structure and very high free surface area. We confirmed that these materials are able to remove toluene from aqueous solutions containing concentrations of a few tens of ppm. Aromatic alcohols such as m-cresol were also effectively removed from aqueous solutions with concentrations of 1-2 wt%. The nanofiber networks can quantitatively release these adsorbed organic solvents on subsequent treatment with methanol. During our experimental trials, these adsorption/desorption procedures did not inflict any damage on the nanofiber network structures. Supplementary Figure S13 shows sorption isotherms of aqueous tetrahydrofuran (THF) at 20 and 40 °C.
These isotherms were obtained using 2 g of PS nanofibers (NF7 in Supplementary Table S2 were about 60 mg/g under the same experimental conditions. We also observed that the adsorption rate of m-cresol
